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Increasinginterestexistsin applyingthe Grading of RecommendationsAssessment, Developmentand Evaluation
(GRADE) approach to environmentalhealth evidence. While ideally applied to evidence synthesized in system-
aticreviews and correspondingsummary tables, such as evidence profiles, GRADE'scorrect applicationrequires
that “the evidence that was assessed and the methods that were used to identify and appraise that evidence
should be clearly described.” In this article, we suggest that GRADE could be applied to evidence assembled
from narrative reviews, modelled (indirect) evidence, or evidence assembled as part of a rapid response, if the
underlyingjudgmentsabout the certaintyin thisevidenceare based on the relevant GRADE domainsand provid-
ed transparently.Health questionsthat require assessing the certainty in abody of evidenceto provide trustwor-
thy answers may range from hours, to daysor weeks, to a few monthsto scenariosthat aliow assessingevidence
withoutshort-termtime pressures. Time framesof emergent, urgent or rapid evidenceassessmentswill often re-
quire relying on existing summariesor rapidiy compiling the availableevidence and making assessments.Even
without available full systematic reviews, expressing the certainty in the evidence can provide useful guidance
for usersof theevidenceand those who evaluatecertainty in effects. The ratingsalso help clarifyingdisagreement
between organizationstacklingsimilar questionsabout the evidence.Using the structured GRADE domains, nar-

rative or other summariesof the evidence can be presented transparently.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Evident from this special issue of Environment International, in-
creasing interest exists in applying the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach to envi-
ronmental health evidence (Morgan et al., 2016; Rooney et al., 2016).
GRADEprovidesastructured frameworkfor assessingcertainty,or con-
fidence, in a body of evidence and supporting decisions (Guyatt et al,,
2011a). However, misperceptions exist that GRADE is only applicable
to clinical questions, full systematic reviews and requires toc much
time and effort to apply its principles to other evidence summaries. In
this editorial we suggest that GRADE can be applied in a variety of
decision-making contexts, including urgent responses. While ideally
applied to evidencesynthesizedin systematicreviewsand correspond-
ing summary tables, such as evidence profiles, GRADE'sapplication re-
quires that “the evidence that was assessed and the methods that
were used to identify and appraise that evidence should be clearly de-
scribed” (GRADE_Working_Group ). Thus, GRADE provides a flexible
framework for appraising evidence that could be applied to evidence
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assembledfrom narrative reviews, modelled (indirect)evidence,or ev-
idence assembled as part of a rapid response, if the underlying judg-
ments about the certainty in this evidence are based on the relevant
GRADE domainsand transparently described. The objective of this arti-
cle is to provide information on how GRADE could be utilized to evalu-
ate bodies of evidence from emergencies to routine evaluations. We
focus on GRADE's “certainty in the evidence” domain as it may apply
to interventionsand risk assessment (Balshem et al,, 2011, lorio et al,,
2015). Our examples include assessments of environmental risks and
interventions for infectious diseases. We will not address the issue
that GRADE has been applied widely to non-clinical questions such as
public health and health policy because this has been done elsewhere
(Harderet al, 2014; Burford et al,, 2012).

2.How GRADEcouldbeappliedtoscenarioswith differenttimelines

Health questions that require assessing the certainty in a body of
evidence to provide trustworthy answers may range from hours, to
days or weeks, to a few months to scenarios that allow assessing ev-
idence without short-term time pressures. Based on succinct exam-
ples (Table 1), we will describe how applying GRADE provides
useful guidance for assessing evidence across these timeframes. We
emphasize that GRADE's certainty in evidence domains risk of bias,
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Table1
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Examplesof GRADE applied across differenttime scenarios.

Type of response

Ultra-short emergency response:
within one or more hours

Urgent response: one to two weeks

Rapid response: one to three months

Routine response: more than 3
months

Example

Type of evidence

West Virginia Elk River spill
Poputation: community exposed to
the chemical spitl.
Intervention/exposure: chemicals in
the spill that contaminated water
supply.

Comparison: no chemicals in the spill.
Qutcomes. genatoxicity,
developmental or reproductive
toxicity, liver toxicity and others.

Available evidence: animal
toxicology studies in rodents for two
chemicals in the spill (a 28-day
study and a teratology study) and
SAR analyses for other chemicals in
the spill with no toxicology data.

Melamine in composite food
products

Poputation: healthy people
Intervention/exposure: melamine
from composition food products below
0.5 mg/kg body weight per day.
Comparison: higher than 0.5 mg/kg
body weight of melamine from
composition food.

Qutcomes: renal insufficiency
(assessed with renal clearance),
urinary tract calculi, urinary tumors
(used for this example of the certainty
in the evidence).

Available evidence: animal
toxicology studies in rat and mice
with exposures to various levels of
melamine via feeding, includinga
control group. The utilizedevidence
shoutd be supported by a literature
search with transparent inclusion and
exclusion criteria and a (narrative)
summary of that evidence.

Avian influenza

Population: people with suspected
avian influenza infection.
Intervention/exposure: oseltamivir.
Comparison: no oseltamivir.
Outcomes: mortality, duration of
hospitalization, incidence of lower
respiratory tract complications
(used for this example of the
certainty assessment below),
antiviral drug resistance existing
before treatment, and serious
adverse events.

Availableevidence: five randomized
trials in patients with seasonai fiu
(summarized in systematic
reviews), case studies of patients
with avian influenza, in vitro and

in vive animal data.

PFOA and birth weight

Population: women of reproductive
age and fetuses (before and/or
during pregnancy or development).
Intervention/exposure:
perfluorooctanoic acid (PFOA; CAS#
335-67-1) or its salts.

Comparison: lower levels of PFOA.
Qutcomes: fetal growth, birth
weight, other measures of fetal or
newborn size.

Available evidence: a systematic
review of 18 non-randomized
(observational) studies (10 were
included in a meta-analysis).

CGRADE domains to assess certainty in the evidence: suggested approaches to making judgments or proposed judgments (note these are not necessarily reflecting judgments in the

original scenarios).
Risk of bias

Imprecision

Inconsistency

Publication bias

Animalstudies: would be assessedby
risk of bias (RoB) considerations for
animal studies (e g. randomization,
blinding at outcome assessment,
sufficient characterization of test
compound, or whether all animals
were accounted for). Ideally, RoB
assessments would be available for
individual studies and summarized
across studies. In the Elk River
example, the number of animal
studies was small and could be
assessed at the individual level within
ashort-time frame. A de novo risk of
bias evatuation may not be feasible in
cases where evidence is drawn from
existing narrative risk assessments
that summarize a large body of
literature. Nevertheless, it may stifl be
possible to assess risk of bias based on
the uncertainties and evidence
limitations described in the risk
assessment.

SAR could be assessed using OFCD
model validation or similar guidance
that recommends presentation of a
defined domain of applicability for a
defined endpoint supported by
appropriate measures of
goodness-of-fit (OECD, 2007).

Could be assessed for both animal
dataand SAR (e.g., considering sta-
tistical or numerical uncertainty in
model parameters).

Could be assessed for both animal
dataand SAR (e.g., assessing simi-
larity of resuits based on applying
different models).

Could be assessed for both animal
studies and SAR A judgment of
undetected might be reasonable if
emergency consultation with
scientists reveals that they are not
aware of unpublished data (thisis to
increase transparency of judgments
but it would not be the ideal way of
addressing pubtication bias).

Animal studies: would be assessed
by risk of bias (RoB) considerations
for animal studies (e.g.
randomization, pathologists blinded
in their assessments or all animals
accounted for). In this case it
appears that the animal studies did
not report that it was randomized
and, thus, may be at risk of bias.

While no summary estimates are
available, an assessment could be
guided by the availability of data
from only 100 animais in different
exposure groups which would resuit
in wide confidence intervals.

Only one study was included and
therefore no inconsistency is present
(Guyatt et al., 2011d).

Could be assessed using guidance for
animal studies but a judgment of
undetected might be reasonable if
consultation with scientists reveals
that they are not aware of
unpublished data (this is to increase
transparency of judgments but will
not be the ideal way of addressing
publication bias).

Not serious

Serious

Not serious

Undetected

Serious based on some concern of
risk of bias in the included studies
(in the original report, the authors
used an approach to rating certainty
that accounted for risk of bias by
lowering the certainty from high to
moderate).

Not serious

Not serious

Undetected
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Type of response

Ultra-short emergency response:

Urgent response: one to two weeks  Rapid response: one to three months Routine response: more than 3

within one or more hours months
Indirectness Animal studies: could be assessed This could be rated down for serious Very serious Not serious

using GRADE's indirectness indirectness of extrapolating from

assessment (Guyatt et al, 2011¢; animals to humans and uncertainty

Schimemann et al, 2013). Animal about the levels of exposure

studies may be rated down for (different levels or routes of

indirectness if concerns exist about  exposure evaluated than those one

extrapolating from animais to is interested in and modeling of

humans, e.g., relevance of animal exposure levels based on

model for the health outcome of in-  composition food products from

terest or route of exposure. more exact exposures fed to

SAR: could be assessed based on ev- animals). Further concerns wouid

idence of direct relation of the model likely be described for the

to a defined endpoint. SAR would comparator.

typically be downgraded for

indirectness.
Magnitude Could be evaluated for animal Could be assessed comparing different  Not present The effects were not large.

of effect studies. it may aiso be possible to exposure levels and observe if tumor

Opposing plausible
residual bias and
confounding

Dose effect

Certainty in the
evidence for the
outcome across
the evaluated
evidence

Possible summary
statement

assess in SAR in cases where SAR
results allow linkage to a data rich
chemical. Would not be applicable if
there were concerns for risk of bias
(Guyatt et al, 20111).

Could be evaluated as in other
non-randomized studies but not
present in the current example.
Could be evaluated for animal
studies. May be possible to assess in
SAR in cases where SAR resuits allow
linkage to a data rich chemical.

The GRADE approach for
interventions would be used.
Various reasons for downgrading
may apply to this example for the
outcome of interest. Other scenarios
may not exhibit these limitations.

There is low certainty in the
evidence suggesting no association
between the exposure and toxicity
based on SAR analyses.

rates increase by factors of more than
2 fold across exposure levels if there
was no serious concern about risk of
bias and if there was no important
imprecision (lorio et at., 2015).

Not present Not present

Not present {the data showed a rate of Not present
transitional-cell carcinomas in the

urinary bladder of male rats of the

following rate: controls, 0/45; fow

dose, 0/50; high-dose, 8/49 (16%)]. No

increase was observed in female rats.

The GRADE approach for
interventions would be used.
Various reasons for downgrading

for the outcome of interest.

There is very low certainty in the

between levels of melamine
exposure from composition food
products below 0.5 mg/kg body
weight per day and urinary tumors.

avian influenza.

The GRADE approach for interventions
was used. Given several reasons for
downgrading, the certainty in the
would likely apply to this example evidence for this outcome was
(including indirectness) that would  considered very low (the lowest of
lower the certainty in the evidence  four categories in GRADE).

There is very low certainty
evidence suggesting no association  suggesting that oseltamivir reduces
hospitalization in patients with

Therewas no evidenceof those
possible residual confounders or biases
would reduce effect estimate.

Several studies in which association
was modeled by categorized
incremental exposure showed
evidence of a dose—response
relationship, but given that there
was no downgrading this domain
would not be considered relevant.
The authors of the original report
used an approach for interventions
with starting observational studies
as “moderate” certainty in the
evidence. However, the GRADE
approach for prognostics studies
would be used in for a risk
assessment in which observational
studies are the proper study design
and start with “high” certainty in the
evidence (lorio et al., 2015; Spencer
et at, 2012). Thus, for this type of
exposure studies, the evidence
rating may be high for the
association between the exposure
and the cutcome.

There is moderate certainty in the
evidence suggesting that PFOA is
associated with harmful effects on
fetal growth.

7 Note, this hypotheticalsummary was derived by the authorsof this editorial,not those of the original report.

indirectness, imprecision, inconsistency, publication bias, large ef-
fects, opposing plausible residual bias and confounding and dose ef-
fects should be considered regardless of the time available or format
of the accumulated evidence (Balshem et al,, 2011; Guyatt et al,,
2011b, 2011c, 2011d, 2011e, 20111, 2011g). We believe this can be
achieved with varying levels of detail and put emphasis on transpar-
ency of the assessment and the description of the approach used to
compile the evidence. Based on succinct examples (Tabie 1), we
will describe how applying GRADE provides useful guidance for
assessing evidence across these timeframes. We emphasize that
GRADE's certainty in evidence domains risk of bias, indirectness, im-
precision, inconsistency, publication bias, large effects, opposing
plausible residual bias and confounding and dose effects should be
considered regardless of the time available or format of the accumu-
lated evidence (Balshem et al,, 2011; Guyattet al,, 2011b, 2011¢,
2011d, 2011e, 20111, 2011g). We believe this can be achieved with

varying levels of detail and put emphasis on transparency of the
assessment and the description of the approach used to compile
the evidence.

2.1.GRADEIin emergency responsesor ultrashort time frames: one or more
hours

Environmental exposures to potentially harmful chemicals often
require extremely fast responses. For data-rich chemicals with a

largeliteraturebase,theevidencerequiredtoassesspotenti

concerns has likely already been assembled in existing risk
assessment(s). For example, in the Flint drinking water lead-
contamination crisis attention immediately focused on strategies to
mitigate exposure (EPA, 2016; US. Department of Health and
Human Services). Such emergencies will benefit from existing evi-
dence assessments that express a level of certainty in the evidence.
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588 KA. Thayer, H.J. Schiinemann/ Environmentinternational92-93 (2016) 585-589

In other emergencies, chemicals may be involved with no or only a
limited number of human (likely observational) or animal studies
available. Increasingly, evidence on such data-poor chemicals is de-
rived from high throughput screening (HTS) data or structure activ-
ity relationship (SAR) analyses to assess the relationship between a
chemical's molecular structure and its potential biological activity.
The West Virginia EIk River chemical spill illustrates this scenario.
InJanuary 2014, 10,000 gal of a liquid used to wash coal and remove
impurities that contribute to pollution during combustion were
spilled from a leaking tank into the West Virginia EIk River. The
water supply of nearly 300,000 people in the Charleston, West Vir-
ginia metropolitan area was contaminated. The National Toxicology
Program (NTP) conducted urgent SAR analyses on chemical constit-
uents of the spill for which no toxicological data was available
(National Toxicology Program, 2014). Results suggested chemicals
in the spill were of limited toxicological concern. Aspects of the
GRADE domains (using alternative terminology) describing the cer-
tainty in the evidence were considered when evaluating confidence
in the data. In fact, all GRADE domains could have been used to pro-
vide a structured approach to assessing the certainty in the evidence
(Table 1). For instance, indirectness may reduce certainty because
the direct application of SAR predictions is not well-characterized
for the outcomes of interest, especially for non-genotoxic outcomes.
The Organization for Economic Co-operation and Development
(OECD) principles for considering a SAR model for regulatory pur-
poses use criteria that resemble GRADE domains, including presen-
tation of a defined domain of applicability (indirectness) that may
be used for rating the certainty according to GRADE (OECD, 2007).

2.2. GRADE in urgent responses: one to two weeks

On September 19, 2008, the European Commission requested that
the European Food Safety Authority (EFSA) provides urgent scientific
advice within five days, on the risks to human health due to the possible
presence of melamine in composite food products (EFSA, 2008). EFSA
utilizeditsown 2007 report thatevaluated the toxiceffectsof melamine
on exposed animals (EFSA, 2007). The original report, based on an ex-
tensive literature search, referred to different levels of exposures of
rats and mice to melamine and occurrence of urinary tract calculi and
malignancies, renal function and other outcomes. That report ends
with a recommendation for a tolerable daily intake (TDI). In the 2008
report, EFSA evaluated the health risks of melamine in imported infant
formulaand composite foods containing melamine. The evaluated sce-
narios showed that “estimated exposure does not raise concerns for
the health of adults in Europe should they consume chocolatesand bis-
cuits containing contaminated milk powder.” This assessment could
have been complemented by a certainty statement based on the
GRADE domains (risk of bias: randomized versus non-randomized ex-
posure studiesand risk of bias criteriaspecific for the study designs; in-
consistency: did studies show similar results when they should?;
imprecision: how precise were the confidence intervals or how many
animals were involved in the studies?; indirectness: do animal data,
levels of melamine measured, outcomes assessed represent the health
question at hand; publication bias: were there unpublished studies
that would have altered the results?). If there was uncertainty related
to theevidencein the 2007 report (potentiallyasaresult of indirectness
when extrapolating from animals to humans and to human exposure
from the dose levels tested), expressing the degree of certainty trans-
parently would benefit subsequentassessments. A rating according to
GRADE could also inform if the indirectness of melamine exposure
from composite food or formula leaves sufficient uncertainty to re-
evaluate the evidence when more data is available. Table 1 providesa
guide for how the certainty in this evidence could have been rated in a
short time-frame. Thus, although not a complete systematic review, a
structured rating of the GRADE domains is possible and perhaps desir-
able to provide transparency about the judgments that are inevitably

involved. Furthermore, regardless of the level of certainty in the evi-
dence, given the harmful effects and little or no expected benefits
from contamination with melamine, an agency could express a strong
recommendation for low levels of acceptable exposure to melamine
(Neumannet al, 2016).

2.3.GRADE in rapid responses: one to three months

In 2006, the World Health Organization (WHO) responded to an in-
ternational fear of human infection with avian influenza virus H5N1.
Considered interventions to treat the condition included pharmacolog-
ical treatment with antivirals, but direct evidence about treatment ef-
fects with antivirals for H5N1 infection was restricted to a limited
number of cases. Thus, WHO relied on indirectevidence from other in-
fluenza treatment data when it evaluated the certainty in the evidence
(called quality of evidence in the WHO report in agreement with
GRADE'soriginal terminology ) of the effectsof interventionson various
patient important outcomes (Schunemann et al., 2007a, 2007b). The
processincluded identifyingexistingsystematicreviewsof indirectev-
idence for the use of antiviralsin patients with common influenza virus
infection,supplementedby searchesfor recent researchstudiesinclud-
ing human studies,animal and in vitro studies. In vitro and surveillance
data obtained in the laboratory, for example, influenced judgments
about the anticipated resistance to some of the considered pharmaco-
logical agents. Within approximatelytwo months,a technicalteam pre-
pared GRADE full evidence profiles that included a rating of the
certainty in the evidence. The certainty was lowered for very seriousin-
directness and imprecision for several outcomes, including mortality
(Table 1). Thisassessmentallowed issuing evidence-basedrecommen-
dationsthree monthsafter the decision to develop WHO guidelineswas
made.

24.GRADE for routine responses: more than 3 months

GRADE has been used for routine assessments of evidence taking
months to over a year to complete. One of the first applications of
GRADE in environmental health was an analysis by the Navigation
Guide of the effect of perfluorooctanoicacid (PFOA) exposure on birth
weight (Lam et al,, 2014). Evidence from humans and animals was sep-
arately compiled in two systematic reviews and evaluated using the
GRADE certainty in the evidence domain (Johnson et al, 2014).
Table 1 summarizes how GRADE domains were used to evaluate the
certainty in the evidence in the relevant human studies. After integrat-
ing results from the animal and human studies, the authors concluded
that PFOA was “known to be toxic.”

3.Summary

The GRADE approach can be useful to assess the certainty or confi-
dence in evidence of an association or intervention effect. It requiresa
structured but not necessarily time-consuming assessment according
to the eight GRADE domains. While systematic reviews and meta-
analysis facilitate and enhance the credibility of this assessment and
can be done rapidly (Schunemann and Moja, 2015), they often are
time-consuming aspects. Because of time and resource constraints in
specific situations, they are not a “sine no qua” requirement to apply
GRADE (GRADE_Working_Group), in particular under time pressure.
Time frames of emergent, urgent or rapid evidence assessments will
often require relying on existing summaries or rapidly compiling the
availableevidenceand making assessments.Even withouta full system-
atic review, expressing the certainty in the evidence can provide useful
guidance for users of the evidence and those who evaluatecertainty in
effectsand associationsat later time points. The ratingsalso helpclarify-
ing disagreement between organizations tackling similar questions
about the evidence. Using the structured GRADE domains, narrative or
other summaries (ideally in evidence profiles or summary of findings
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tables with explanationsfor the rating asshown in Table 1) of the evi-
dence can be presented transparently with a judgment of the certainty
in thisevidence (Guyattet al,, 2011a; Langendamet al,, 2016; Santesso
etal., 2016).

Disclaimer

The content of the commentary should not be used for decision-
making and represents a guide. It has not been officially endorsed by
the GRADE Working Group but using GRADE without full systematicre-
viewsalthough not ideal fulfilis the criteria for using GRADE.
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this manuscript, or its content, or subject matter. They are both mem-
bers of the GRADE Working Group (www gradeworkinggroup.org).
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